This study aimed to measure the concentrations of minerals in different regions and pigmentation of horses' hooves, mules and donkeys. A total of 20 Crioulo horses, 20 mules and 20 Pega donkeys were used. They formed two groups: pigmented (dark) or non-pigmented (bright) hooves. All animals were unshod and with adequate foot conformation. Females were nonpregnant and without foal and no animals were in training. Samples were collected from the hooves of all limbs in the regions of wall, sole and frog. The concentrations of calcium, magnesium, copper, iron and zinc were determined by atomic absorption spectrophotometry; sodium and potassium concentrations were determined by atomic emission spectrophotometry. Among the groups it was observed that the wall, sole and frog of donkeys' hooves presented higher concentrations of sodium and calcium and with the exception of the frog that also obtained higher levels of copper in this species. Mules had lower concentrations of zinc in the wall and the horses had higher concentrations of potassium and zinc in the sole and higher magnesium in the frog and wall. There was no difference (P>0.05) in concentrations regarding the pigmentation of the hooves. The different regions of the hooves in each group presented similar concentrations of minerals and it was regardless of the pigmentation. The mineral concentrations may be related to desirable functional properties of the donkeys' hooves. Pigmented and non-pigmented hooves have similar concentrations of minerals.
Introduction
Equine hooves provides a solid foundation for mobility with agility and high speed and are intimately balanced with the environment they are adapted (Davies et al., 2007; Kainer and Fails, 2011) . The different species that make up the genus Equus have divergent genetic, physiological, anatomical, environmental and evolutionary characteristics among each other. This caracteristics are strong influencers of morphologic and functional properties of the hoof, showing specific hoof conformation, which should be studied in detail (Janis and Bernor, 2019, Souza et al, 2016) .
Physical demands on the equids often exposes the hoof to its functional limit, affecting its properties. Thus, the generation and application of knowledge to fix the problems generated is a duty of the professionals involved (Reilly, 1998) . The statements of Budras and Schiel (1996) contributes to this by observations of the white line quality of wild Przewalski horses, which showed that they were in better condition than those observed in domesticated horses . The quality of the hoof is influenced by several factors, among them age, breed, genetics, metabolism, training, environment, trimming, disease and nutrition, as an appropriate source of energy, protein, vitamins and minerals leads to adequate hoof growth (Huntington and Pollitt, 2005) . Several studies have been conducted to assess whether supplementing with vitamins, minerals and amino acids may improve the quality of the hoof (Comben et al., 1983; Josseck et al., 1995; Ott and Johnson, 2001) . Regarding minerals, zinc and copper receive emphasis on improving the hoof quality and little focus was given to other minerals needed for metabolism.
Studies have been conducted to investigate the chemical composition of horses and donkeys hooves, but there are still few and not enough to help in the indication of strategies that improve the quality of the hooves of the animals (Faria et al., 2005; Sargentini et al., 2012; Tocci et al., 2015) . Thus, this study aimed to determine and compare the concentrations of sodium, potassium, copper, iron, zinc, magnesium and calcium in different regions of the hoof and between pigmented and non-pigmented hooves of horses, mules and donkeys.
Material and methods

Animals
The animal use met the requirements of the Santa Catarina State University Animal Ethics Committee (n° 01.05.13). Animal owners gave consent for their inclusion in the study.
The animals used (n = 60) are from farms located in the cities of Mafra, Campo Alegre and Lages, in the state of Santa Catarina, Brazil. They were allocated into three groups: G1: 20 horses of Crioulo breed with an average age of 8.3±5.0 years and average weight of 425.32±45.47 kg, being 13 females (65%) and seven males (35%); G2: 20 mules (originated from crosses between donkeys of Pega breed with mares of the Thoroughbred or Mangalarga Marchador breed), with a mean age of 6.2±2.3 years and average weight of 284.82±31.20 kg, being 15 females (75%) and five males (25%); and G3: 20 donkeys Pega breed with an average age of 8.7±8.5 years and average weight of 218.97±37.83 kg, being 12 females (60%) and eight males (40%). They formed two groups according to pigmented (dark) and non-pigmented (bright) hooves. Animals with striped hooves were not included. All animals were unshod and with adequate foot conformation. Females were empty and without foal and no animals were in training. All animals were managed in semi extensive breeding system, fed with natural pasture, ryegrass (Lolium multiflorum Lam.) hay of the Tifton 85, mineral salt, commercial concentrate diet (14% crude protein) according to the manufacturer's recommendations and water ad libitum.
Data collection and parameters observed
Sampling was conducted during the summer of 2013 and 2014. Samples of the hooves of fore and hindlimbs were collected from regions the wall, sole and frog with the aid of a hoof nipper and hoof knife. Then washed with mineral-free detergent and distilled water, dried with absolute alcohol and packed in labeled plastic bags, sealed and frozen until the time of analysis. The amount of 0.3 g of each sample was digested in 6.0 mL of concentrated HNO 3 solution in digester microwave Multiwave 300 (PerkinElmer, Billerica, Massachusetts, United States), after completing to 100 fold prior dilution with distilled water with a conductivity lower than 5 μS/cm measured with a digital conductivity type portable pen being placed in conical tubes of 50 mL, kept under refrigeration.
The concentrations of calcium, magnesium, copper, iron and zinc were determined in a flame atomic absorption spectrophotometer model AAnalyst 200 (PerkinElmer, Billerica, Massachusetts, United States) and the sodium and potassium concentrations were determined on a flame atomic emission spectrophotometer model DM-62 (Digimed, Campo Grande, MS, Brazil). The standard solutions of these elements were prepared from the dilution polyethylene vials (Sigma-Aldrich Brazil Ltda.) containing the salts of metal ions. A lanthanum solution 1.0% was added to standard calcium solution to complex the phosphorus and let that free element for analysis (Tedesco et al., 1995) .
Statistical analysis
Inclusion of animals followed a non-probability convenience sampling and the statistical analysis performed by analysis of variance (ANOVA) followed by Tukey's test to compare the averages of minerals from different regions of the hoof within each group and the same region between groups. The Student t test was used for comparisons between pigmented and non-pigmented hooves to the same region within each group, assuming a probability of error of 5%.
Results
Mean values and standard deviations for the concentrations of copper, iron, sodium, potassium, zinc, calcium and magnesium, expressed in ppm, to the hoof wall, sole and frog of the horses, mules and donkeys of all hooves and between hooves pigmented and not pigmented are shown in Tables 1, 2 and 3, respectively.
The comparisons of the same region of the hoof between groups, regardless the color (Table 1) revealed that the wall (P<0.0001), sole (P=0.0011) and frog (P=0.0009) of the hooves of donkeys had higher sodium values and, except for the frog, higher cooper concentrations were also obtained (P<0.0001 for both). Calcium concentrations were higher on the wall (P=0.0088) and frog (P<0.0001) in this species. Mules had lower concentrations of zinc in the wall (P<0.0001) and horses presented higher potassium and zinc concentrations in the sole (P = 0.0492 and Table 1 : Concentrations of different minerals on the wall, sole and the frog of the hooves regardless of its pigmentation, in the horse (n = 20), mules (n = 20) and donkeys (n = 20)
In the column, values followed by different capital letters for the same region in the between groups and different lower letter to different regions in the same group, disagree from each other (P <0.05) In the column, values followed by different capital letters for the same region in the between groups and different lower letter to different regions in the same group, disagree from each other (P < 0.05) *There was only one repetition. **There were no repetitions for this variable.
Group Region In the column, values followed by different capital letters for the same region in the between groups and different lower letter to different regions in the same group, disagree from each other (P < 0.05). *There was only one repetition.
Group
Region --------Elements (ppm) -------- 0.0008 respectively) and frog (P<0.0001 for both) and higher magnesium in the frog (P <0.0001) and wall (P=0.0015).
Comparing the different regions of the hoof, within a group, regardless of the color (Table 1) were observed higher concentrations of copper (P=0.0353), sodium (P=0.0298) and magnesium (P=0.0033) and lower zinc concentration (P<0.0001) in the frog. For the wall of the hooves of horses were observed higher iron concentrations (P=0.0002. The mules showed higher sodium concentrations (P<0.0001) and zinc (P<0.0001) for the frog and the wall, respectively. The donkeys had higher iron concentration (P<0.0001) and zinc (P<0.0001) in the wall of the hoof.
Assessing only the pigmented hooves (Table 2) for the same region of the hoof between the groups it was observed that, in relation of the hooves' wall, donkeys had a higher copper (P=0.0021) and sodium (P<0.0001) concentration; mules presented lower concentrations of zinc (P=0.0004) and calcium (P=0.0267) and horses had higher concentration of magnesium (P=0.0270). For soles, results showed that copper (P=0.0631) and calcium (P<0.0001) concentrations had higher values in donkeys. Concerning the frog, it was observed a larger amount of copper (P=0.0449), potassium (P=0.0179), zinc (P<0.0001) and magnesium (P=0.0224) and lower sodium (P=0.0130) in horses and mules presented lower calcium concentrations.
In non-pigmented hooves (Table 3) it was also evaluated the same region of the hoof between the groups and it was observed that, in relation of the hooves' wall, the results showed greater concentrations of copper on the whole hoof donkeys' and lower zinc concentrations on the whole hoof mules'. The sole of donkeys showed higher sodium (P=0.0017) and mules have lower iron (P=0.0175). Regarding the frog, magnesium (P<0.0001) were higher in horses.
Evaluating minerals concentrations from different regions of the hoof in each group, it was observed that compared to pigmented (Table 2) , the frog of horses (P=0.0355) and mules (P=0.0045) showed higher concentrations of copper and sodium, respectively. The donkeys' hoof wall showed higher concentrations of calcium; zinc was the mineral with higher concentration between elements to the hooves wall of all the groups (P<0.0001). Regarding the non-pigmented hooves (Table  3) , the wall of the hooves of horses and donkeys had higher zinc concentrations (P<0.0001, in both) and copper (P = 0.0058 and P <0.0001, respectively). The sodium had higher concentrations in the frog of horses (P=0.0157) and mules (P=0.0026) and the wall of donkeys (P=0.0348); magnesium showed the highest concentration in the frog of horses (P=0.0134) and iron has higher in wall of the horses and donkeys.
Statistical evaluation, comparing pigmented and non-pigmented hooves, within each group, did not show significant differences to the same regions on the hooves of horses. The mules obtained higher copper concentrations in the pigmented sole.
Discussion
The average concentrations of some elements presented certain deviation from the published data, which also varied for each other (Tocci et al., 2015; Sargentini et al., 2012; Faria et al., 2005) . This difference may be associated with the methodology used in each experiment, associated with variables that influence the quality of the hoof. In the present study there were differences in the concentrations of the minerals in practically all comparisons, except between the colorations within each group.
The hooves of donkeys are assigned various qualities such as wear resistance, better adaptation in higher impact surface and the low occurrence of foot problems. These aspects are related conformation features such as the wall thickness of the shell, being relatively constant throughout the wall (Reilly, 1997) , the thicker sole and the structural composition of the hoof wall featuring three tubular zones (Hopegood, 2002) , tubules less density towards equine (Thiemann and Rickards, 2013) . In addition to the above features, the differences in the concentrations of elements assessed can also be a contributing factor to the quality of the hooves in this species.
The zinc is an element that deserves more attention as it has been identified as one of the main mineral involved in catalytic steps, structural and regulatory process of keratinization (Smart and Cymbaluk, 1997; Kasapi and Gosline, 1999) . It is present in the skin, hair, wool and its deficiency progress to parakeratosis, alopecia and deformity of the hoof (Pardo and Reis, 2008) . The wall of the hooves of donkeys and unexpectedly of horses, showed the highest concentrations of this element, because due to genetic contribution, it was expected that the mules would be in an intermediate condition, which would explain a possible correlation between greater hooves strength of donkeys and mules and zinc concentration, which had not been shown.
The zinc also showed greater concentration on the wall in relation to other parts of the hooves in all groups. The same results were found by Tocci et al. (2015) where observed higher concentrations of zinc in the wall of the hooves of Anglo-Arabian horse and Monterufoli ponies compared to the sole. However, Sargentini et al. (2012) identified higher concentrations of zinc in the soles of the hooves of donkeys Amiata.
The higher copper concentrations observed mainly in the wall and soles of the hooves of donkeys, may explain the greater wear resistance compared to the other groups, because this element is associated with the activity of thiol oxidase enzyme, which is responsible for the formation of links disulfide between Cis residues of the keratin filaments (O'Dell, 1990) . This process is essential for structural strength at the cellular level, providing rigidity to the matrix of keratinized cells (Tomlinson et al., 2004) . The concentrations of this element were like those found in other studies (Faria et al., 2005; Sargentini et al., 2012; Tocci et al., 2015) .
The combination of hardness with pigmentation always divides opinion. Since cooper is associated with the cover structure associated with both steps of the hoof keratin, as in the melanin synthesis (Pardo and Reis, 2008) , which gives the pigment there might be a relationship between the dark pigmentation and hardness of the hoof. However, this assumption was not confirmed in this study, since this mineral concentration was similar in pigmented and non-pigmented colors.
There was no difference between any mineral element rated for the same region of the hoof, in the different colors within the same group. This finding suggests that the color has no influence on the quality of the hooves of horses, reinforcing the statements made by other authors (Landeau et al., 1983; Faria et al., 2005) . Landeau et al. (1983) found no differences in the strength-pressure behavior and maximum strength properties of pigmented and non-pigmented hooves of horses. In assessing horses' hooves of Mangalarga and Pantaneiro, Faria et al. (2005) observed similar concentrations of amino acids in both hues of hoofs, concluding that the preference for one or another color is not justified.
Calcium also seems to contribute to the greater hardness of the hooves of donkeys, presenting higher concentrations in the wall of the hooves of this species. This element also has functions linked to keratinization process and activation of epidermal transglutaminase, which performs the cross connection of the cell envelope of keratin fibers. In addition, it is involved in the initiation and regulation of terminal differentiation of epidermal cells. This enzyme helps activate the final stage of keratinocyte production fully differentiated (Tomlinson et al., 2004) .
The analysis by means of elementary components appears to be a shape that truly no reflects the physical-mechanical properties of the hoof, as the interactions between of the elements are many (Pardo and Reis, 2008) . Higher concentrations of certain elements may not be key points for making inferences, as an element in a low concentration can be arranged to a chemical architecture and/or exert a specific metabolic function, which gives physical and structural properties much larger than the other element higher concentrations. Analysis of the amino acid profile shows a little more specific, but still does not provide enlightening information when taken in isolation. Both methods of studies are important for the awareness of these concentrations' parameters and the comparison between groups and to recognize the relationship that may be present in a greater wear resistance of the equids hooves. Ley et al. (1998) evaluated the effect of the season and the diet, concluding that these factors show great influence in the contents of various minerals and in the resistance of horses' hooves. The present work sought to minimize the effect of these variables could exert on the evaluations, through the collection was concentrated in the summer season, besides that all the animals were kept in similar geoclimatic conditions and food management.
Conclusion
The variations of the mineral contents, mainly calcium and copper may be related to the most desirable functional properties of the donkey's hooves. As well as the higher concentrations of zinc in the wall in all circumstances evaluated, they demonstrate a probable structuring for better resistance of this portion to the impact/wear, but more objective methodologies should be used for better inference. Pigmented and non-pigmented hooves of horses, mules and donkeys have similar concentrations of minerals.
